Clinical oncology is hampered by a lack of tools to accurately assess a patient's response to pathway-targeted therapies. Serum and tumor cell surface proteins whose abundance, or change in abundance in response to therapy, differentiates patients responding to a therapy from patients notresponding to a therapy could be usefully incorporated into tools for monitoring response. Here we posit and then verify that proteomic discovery in in vitro tissue culture models can identify proteins with concordant in vivo behavior and further, can be a valuable approach for identifying tumor-derived serum proteins. In this study we use Stable Isotope Labeling of Amino acids in Culture (SILAC) with proteomic technologies to quantitatively analyze the gefitinib-related protein changes in a model system for sensitivity to EGFR targeted tyrosine kinase inhibitors. We identified 3,707 intracellular proteins, 1,276 cell surface proteins, and 879 shed proteins. More than 75% of the proteins identified had quantitative information and a subset consisting of [400] proteins showed a statistically significant change in abundance following gefitinib treatment. We validated the change in expression profile in vitro and screened our panel of response markers in an in vivo isogenic resistant model and demonstrated that these were markers of gefitinib response and not simply markers of phospho-EGFR downregulation. In doing so, we also were able to identify which proteins might be useful as markers for monitoring response and which proteins might be useful as markers for a priori prediction of response.
Introduction
The epidermal growth factor receptor (EGFR) signaling pathway, which has been implicated in a range of cancers, including breast, lung, and colon carcinomas (1, 2) , has been a particular focus of pathway-targeted therapeutics (3) . The multilayered EGFR pathway, composed of ligands, receptors, and signaling molecules, impacts fundamental cellular processes such as differentiation, growth, motility, and division of epithelial cells (4, 5) .
Significant effort has been made to identify the constituents of the EGFR pathway, and demarcate the relationships among those constituents, their post-translational modifications (6) , and more broadly to elucidate mechanisms for how the pathway interacts with diverse effector molecules which lead to changes in cellular behavior (7) .
In addition to increasing our understanding of the EGFR axis, there may be significant clinical utility to identifying novel pathway members whose abundance is indicative of pathway dependence and activation status. This is especially important because lung cancer patients with activating mutations in EGFR demonstrate dramatic sensitivity to EGFR targeted tyrosine kinase inhibitors (TKI) (8, 9) , such as gefitinib (ZD1839, Iressa, AstraZeneca) and erlotinib (OSI-774, Tarceva, Genentech) (10, 11) . These compounds inhibit the downstream activity of the EGFR axis by competitively inhibiting ATP binding in the catalytic core of the kinase domain of EGFR. Though effective in some patients, those initially demonstrating clinical response to EGFR targeted TKI's ultimately develop resistance (12) . Diverse transcriptomic and phosphoproteomic studies, have also been undertaken to explore the impact of EGFR TKI inhibition on sensitive and resistant cells (6, (13) (14) (15) . These approaches have greatly enhanced our understanding of EGFR biology and uncovered diverse mechanisms of resistance (16) (17) (18) (19) . Despite these studies, little is known about the relationship between EGFR inhibition and the proteome itself. In addition, there is still a significant unmet biologic and clinical need for proteins predictive of response or indicative of therapy effectiveness to EGFR TKI's.
To bridge this gap, we first assessed the broad protein network effects of inhibiting EGFR kinase with gefitinib in an epidermoid cancer cell line (A431) that over-expresses EGFR. This cell line is a model system for sensitivity to EGFR targeted therapies (e.g., gefitinib) (20) (21) (22) and has been studied extensively. To quantify the gefitinib induced changes in protein abundance, we used Stable Isotope Labeling of Amino Acids in Culture (SILAC) with mass spectrometry (MS). Following our initial broadscale profiling, a panel of proteins was selected for extensive follow-up analysis including interrogation with various EGFRaxis specific and non-specific therapeutic agents. In order to assess the portability of these protein markers beyond A431 tissue we subsequently assessed the dose-dependent protein level change of our panel, and its generality both in vivo and to non small-cell lung cancer (NSCLC) tissue. These experiments suggested that our results are not restricted to in vitro studies of the A431 cell line, and may have potential utility for biologic and clinical studies of EGFR TKI inhibition.
Materials and Methods

Reagents and cell lines
All chemicals were purchased from Sigma (St. Louis, MO) unless stated otherwise. Antibodies directed to ELAVL-1, GLTSCR2, KLF5, QARS, were purchased from Abnova (Taipei City, Taiwan). Antibodies directed to HSPG2, BAG4, S100A9, SERPINE1, TNFAIP2, Lipocalin-2, and VAMP3 were purchased from Novus Biologicals (Littleton, CO). Antibody directed to Claudin-1 was purchased from Zymed/Invitrogen (Carlsbad, CA). Antibodies directed to ALB, Apo-L, C3, CBFB, EpCAM, PRDX6, and Transferrin were purchased from Abcam (Cambridge, MA). Antibodies directed to Testican 2 (SPOCK2), and TROP-2 were purchased from R&D Systems (Minneapolis, MN). Antibodies directed to EGFR, p-EGFR (Y-1068), and SNX5 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The antibody directed to PDCD4 was purchased from Rockland Immunochemicals (Gilbertsville, PA). The antibody directed to actin was purchased from Sigma. A431, HCC827, H1650, H23, and H1975 cells lines were obtained from the standardized tissue bank, ATCC (Manassas, VA), which authenticates tissues by genotype and used within six months. Cells were verified to be free of mycoplasma (USC core facility). The MTS assay for cell viability at 48 hours ( Figure S3 ) was conducted as directed by the manufacturer (Promega, Madison, WI).
Culture, isotopic labeling, and treatment of cells with therapeutic agents
The A431 human epithelial carcinoma cells were grown in DMEM media (Invitrogen) containing 1% of dialyzed fetal bovine serum (FBS, Invitrogen) with 13 C -lysine (Invitrogen) substituted for lysine for seven passages (1:2) according the previously published SILAC protocol (23) . We used a concentration of one percent serum (instead of the more typical 10% or higher) for our shed protein studies because it increases our ability to reliably quantify cell-derived signals amongst the background bovine serum proteins by an order of magnitude compared to 10% serum without compromising phenotype. Specifically, 1% serum does not compromise cell growth, viability, or response to therapy. To confirm this we preformed cell viability assays on A431 cells and did not observe differences in cell growth rate or gefitinib IC 50 upon dosing between 1-10% serum. Cells remained attached to plates and there was no evidence of rounding-up. Incorporation of 13 C Lys isotope exceeded 97% of the total protein lysine content. Samples from the same batch of cells were used for analysis of cell surface proteins and for analysis of conditioned media and whole cell lysate proteins. Cells were grown in the presence of 100 nM of gefitinib (Protein Kinases, Inc., Germany) for 16 h. The shed proteins were obtained directly from the cell conditioned media after 16 h of treatment. Cells and debris were removed by centrifugation at 5,000 × g and filtration through a 0.22-μm filter. Total extracts were obtained by sonication of ~2×10 7 cells in 1 ml of PBS containing the detergent octylglucoside (OG, 1% w/v) and protease inhibitors (complete protease inhibitor cocktail, Roche Diagnostics, Penzberg, Germany) followed by centrifugation at 20,000 × g.
Protein identification by LC-MS/MS
Protein digestion and identification by LC-MS/MS was performed as described previously (24) . Briefly, each one of the reversed-phase fractions were individually digested in solution with trypsin (400 ng/fraction) and grouped into 15 to 21 pools for each cell line and each compartment (i.e., cell surface, conditioned media, and soluble whole cell lysate) based on chromatographic features. Pools were individually analyzed by LC-MS/MS in a LTQ-FTICR or LTQ-ORBITRAP mass spectrometer (Thermo-Finnigan, Waltham, MA) coupled to a nanoflow chromatography system (Eksigent, Dublin, CA) using a 25-cm column (Picofrit 75 μm ID, New Objectives, Woburn, MA) packed in-house with MagicC18 resin (Michrome Bioresources, Auburn, CA) over a 90 minute linear gradient. Acquired data was automatically processed using default parameters, except where noted, by the Computational Proteomics Analysis System V8.2 -CPAS (25) . The tandem mass spectra were searched against version 3.13 of the human IPI database (60,428 protein entries) with five sequences for human and bovine trypsin added. The search was performed with X!Tandem (2005.12.01). The mass tolerance for precursor ions was set during the search to 1 AMU with a mass tolerance for fragment ions set to 0.5 Daltons. However, matches with less than 5ppm mass accuracy were considered to false positives and discarded. A fixed modification of 6.020129 mass units was added to lysine residues for database searching to account for incorporation of the heavy lysine isotope. All identifications with a PeptideProphet (26) probability greater than 0.9 were submitted to ProteinProphet (27) and the subsequent protein identifications were filtered at a 1% error rate with tryptic fragments (1 missed cleavage) with allowance for fixed modification on C = 57.021 and variable modifications on C = -17.027, E = -18.011, K = 6.020, M= 15.995, and Q = -17.027. Detailed proteomic methods in supplemental text.
In vivo xenografts
The A431 resistant model was derived in vivo from tumors with demonstrated resistance upon gefitinib dosing over a 9 month period by serial passage of A431 subcutaneous xenografts in presence of 50 mg/kg of gefitinib (AstraZeneca, London, UK) for nine months. Eight to 10 week-old nude athymic BALB/c female mice were obtained from Charles River Breeding Laboratories (Wilmington, MA) and were maintained in pressurized ventilated cages at the Cedars-Sinai Medical Center vivarium. All animal experiments were performed as per the institutional guidelines and were approved by the Institutional Animal Care and Use Committee at CSMC. Gefitinib was administered orally daily to twenty animals. Control animals received vehicle alone (20 animals). The tumor volumes were measured twice a week with a digital vernier caliper and were calculated as: π/6 × (larger diameter) × (smaller diameter) 2 . The data are represented as a plot of mean tumor volumes versus time measured in days from 5 animals.
Verification
In vitro and in vivo verification of proteomics data was accomplished by western blot. For in vitro experiments, cells were incubated in heavy SILAC media (1% FBS) for 16 h with 0, 100, 500, and 1,000 nM gefitinib, erlotinib (LC Labs, Woburn, MA), AKT inhibitor (A6730, Sigma), or MAPK inhibitor (PD98059, Calbiochem) or 5, 25, 100 nM taxol (LC Labs). The cells were washed three times with PBS and lysed in RAF buffer (50 mM Tris-HCl, pH 7.4; 1% NP-40; 0.25% sodium deoxycholate; 150 mM NaCl; 1 mM EDTA; 1 mM PMSF; 1 mg/ ml each aprotinin, leupeptin, pepstatin; 1 mM Na 3 VO 4 , 1 mM NaF) supplemented with 1% SDS. Lysates were sonicated for 10 minutes, heated at 95°C for 10 minutes, and centrifuged for 15 minutes at 20,000 × g. The supernatant was cleared through a 0.22-micron filter and protein concentration was determined (BCA, BioRad, Hercules, CA). Lysates were subject to SDS-PAGE and subsequent immunoblot. For in vivo experiments, mouse tumor pieces from 5 mice were pooled and suspended in RAF buffer and homogenized with a high-speed blender. The homogenate was centrifuged for 5 min at 200 × g. The supernatant was sonicated on ice for 2 minutes and centrifuged for 1 hr at 12,000 × g. The supernatant (soluble fraction) was cleared through a 0.22-micron filter and processed as above. The pellet (insoluble fraction) was resuspended in RAF buffer with 2% SDS and DTT, heated at 95°C and sonicated prior to processing. Serum from 5 mice was pooled and depleted using two MARS-3 columns (Agilent) connected in tandem with HPLC. The unbound fraction was concentrated to a final concentration of 2 mg/ml and processed as above.
Proteomics Data will be deposited at http://proteomics.fhcrc.org/CPL/home.html and will be accessible to the public.
Results
Deep quantitative proteomics of three sub-proteomes of A431 cells
In order to quantitatively enumerate the changes associated with the inhibition of EGFR activity, we compared untreated A431 cells with A431 cells treated with 100 nM gefitinib for either 2 or 16 hours prior to multi-compartment proteomic analysis. Three separate proteome fractionation techniques were used to interrogate cellular changes: a) shotgun LC/ MS/MS to assess the intracellular proteome [referred to as the "whole cell lysate"]; b) biotin-capture-based cell-surface profiling; and c) Solid-Phase Extraction of Glycoprotein (SPEG) profiling (28) for the enrichment and subsequent study of shed proteins. By using three separate techniques we enabled a diversity of analysis; characterization of intracellular proteins is critical to understanding drug mechanism whereas the cell-surface and shed proteins are potentially relevant to molecular diagnostics, tumor imaging, and targeted therapies. Analysis was performed in a reciprocal fashion (e.g., in one experiment we treated isotopically 'heavy' cells and in a second experiment we treated isotopically 'light' cells). The dose of 100 nM gefitinib inhibits EGFR phosphorylation (IC 50 40 -80 nM) while minimizing suppression of other kinases (for example, the IC 50 for HER2 is 1,200 -3,700 nM) (29) .
As a reference for non-TKI induced proteome changes, we admixed untreated A431(L) with untreated A431(H) and observed a standard deviation of 0.25 in the H/L fold change (data not shown). This enabled us to establish a threshold for significant quantitative fold change (1.4). We identified a total of 4,935 unique proteins (total peptides = 329,435; unique peptides = 82,269) with notable overlap between sub-proteomes (Fig. 1B) . A complete list of observed proteins and their coverage is given in Table S1 and quantitation data are given in Table S2 . The distribution of proteins with a fold change of ±1.4 was significantly higher in the 16-hour experiment and this time point was used for subsequent analyses (Fig. 1C) .
Verification of proteins indicative of response to gefitinib treatment
Of the 180 proteins with greater than 1.4 fold changes in abundance upon gefitinib-treatment (Table S2 ), 19 were initially selected for immunoassay-based verification based on magnitude of change in abundance, availability of commercially available affinity reagents of sufficient quality, and our confidence that the proteins were correctly identified and quantified (criteria are described in detail in the Methods section). Protein selection was unbiased with regard to biological function. We specifically focused on proteins whose abundance was up-regulated in response to treatment, as these are likely to be useful markers of response. We performed immunoblots on treated and untreated A431 lysates and were able to verify the treatment-response for 19 proteins. Densitometry was used to determine the quantitative fold change in protein concentration from three independent experiments (Fig. 2) . Dose-titration is a common technique to verify the dose-dependent impact of a perturbation. We recognize, however, that higher concentrations of gefitinib may lead to off-target effects. However, it is most likely that such off target effects would mute the dose-dependent effect rather than producing or amplifying it. ELAVL-1 was the only protein whose response to gefitinib treatment at 100 nM was not amplified at higher doses (500 and 1,000 nM). All other proteins had a dose-dependent increase when extracts of cells treated with 100, 500, and 1,000 nM gefitinib as determined by western blot. VAMP3, KLF5, and GLTSCR2 demonstrated a marginal increase upon gefitinib dosing at 100 nM and as a result were excluded from further study as quantifying small fold changes can be potentially misleading. Overall, 16/19 (84%) immune-blot studies supported our proteomic predictions. This percentage may increase as new commercially available antibodies become available and as more sophisticated analytic techniques are employed.
Pathway analysis of protein panel demonstrates specificity to EGFR pathway
In order to ascertain if the protein level changes associated with gefitinib dosing were a result of downregulation of EGFR tyrosine phosphorylation we examined the enrichment of known phosphoproteins amongst the 180 upregulated proteins. We observed that 56% of these proteins were previously characterized as phosphoproteins (Fig. S1B ). This suggests that our proteomic experiment successfully impacted proteins associated with phosphorylation events. We used gene-set enrichment to identify protein networks associated with the perturbed proteins resulting from gefitinib treatment and observed network changes associated with non-canonical EGFR networks (Fig. S1C) . As the 16 verified proteins were not members of any obvious, known bio-module (though most were within 1-hop of canonical EGFR pathway members), we sought to confirm that the impact of treatment on the proteins in our panel was specific to EGFR inhibition. A431 cells were treated with either erlotinib (100 -1,000 nM) or with the off-axis control chemotherapeutic paclitaxel (10 -100 nM) and the changes in levels of the 16 validated proteins and controls were investigated using immunoblots (Table I, Fig. S2A ). Treatment with erlotinib produced protein abundance changes that mirrored the effect of gefitinib, whereas none of the proteins tested demonstrated a change in abundance in response to paclitaxel treatment. Since the IC 50 of paclitaxel in A431 cells was previously shown to be ~ 10 nM (30), the lack of protein abundance changes with paclitaxel treatment at concentrations above the drug's IC 50 suggests that the proteins in our panel are not impacted by off-axis chemotherapeutics. The responses of the proteins in the panel to gefitinib and erlotinib and the lack of responses to paclitaxel suggest that levels of these proteins are perturbed as a function of the catalytic activity of the EGFR, but their known roles do not immediately suggest a mechanism for the observed behavior.
To demarcate the relative positions of each of our panel proteins within the broader EGFR signaling axis, we assessed how their abundance was impacted by inhibition of MAPK and AKT pathways. A431 cells were treated with either an AKT pathway specific tyrosine kinase inhibitor (LY294002) or a MAPK-specific TKI (PD98059). The majority of the panel proteins showed a change in abundance with one of these treatments (Table I, Fig. S2A ). Specifically BAG4, CBFB, QARS, and TNFAIP2 showed a change in abundance in response to AKT inhibition and CAD17, PDCD4, S100A9, SERPINE1, and Testican-2 showed a change in abundance in response to MAPK inhibition. ELAVL-1, EpCAM, HSPG2, TROP2, and SNX5 were unchanged by treatment of cells with either TKI. Claudin-1 was the only protein that had changes in expression in the presence of both TKIs. In aggregate, the TKI inhibition data suggest that when EGFR signaling is perturbed, protein level changes are effected at various biological nodes. The proteins that were not perturbed upon treatment with either a MAPK or an AKT TKI are either upstream of these pathways or are part of another pathway. A schematic of the EGFR signaling pathway with inlays of the 16 proteins evaluated is depicted in Figure. S2B.
Potential a priori and post-therapy predictors of therapeutic response in lung cancer cell lines
As noted above, EGFR targeted therapies are extensively used in the treatment of non-small cell lung cancer. Consequently, to demonstrate that the gefitinib induced protein level change is not specific to the A431 model, we sought to investigate the generality of our protein panel across a set of NSCLC cell lines with varying sensitivity to gefitinib (Table I, Fig. S3 ). Gefitinib inhibits the phosphorylation of EGFR in HCC827, H1650, and H23 cell lines and is ineffective in H1975 cells as a result of the T790M mutation in EGFR kinase (31) . There was clear concordance of the treatment-induced changes of protein abundance in the gefitinib-sensitive (HCC827, H1650) lines than in the gefitinib-resistant (H23, H1975) lines. Significant increase in the abundances of EpCAM, HSPG2, PDCD4, ELAVL-1, and TNFAIP2 were observed in the gefitinib-sensitive lines upon treatment. We also measured basal protein abundance across eight NSCLC lines (HCC827, H2935, H3255, H1666, H1650, H1975, H2235, H23) and found a relation between protein level and IC 50 for many proteins in our panel suggests that, in addition to monitoring of therapeutic response, the levels of these proteins may correlate with gefitinib response a priori (Fig. S3) .
In vitro response profile also observed in vivo
We next evaluated the expression and gefitinib induced perturbation of the proteins in our panel in an A431 xenograft model. Mice were treated with 50 mg/kg gefitinib or vehicle control after tumors became palpable. In mice treated with gefitinib, tumors were significantly smaller than those in untreated mice and grew at a much slower rate (Fig. 3A) . Tumors and sera were collected at the experimental endpoint and abundance of our panel proteins was determined. Tumor lysates were fractionated to separate cell lysates into intracellular and membrane fractions. We measured the dose-dependent changes in abundance for the 16 proteins and compared these data to levels in untreated animals. The changes observed in vivo for 12 of the 16 proteins were in concordance with results from in vitro experiments (Fig. 3B) . The dose-dependent changes in abundance were not identical in the cell-surface and the intracellular sub-proteomes. For proteins like PRDX6, which was chosen for validation based on its fold change in the whole-cell profiling experiments, the change in abundance in the insoluble (membrane) fraction was significantly greater than that in the soluble fraction.
Protein panel differentiates sensitive and resistant A431 tumors in vivo
To test the hypothesis that some of these proteins may distinguish the response phenotype of tumors to EGFR kinase inhibitors in vivo, we compare the basal levels and response to therapy of the markers in an in vivo derived xenograft model resistant to gefitinib (A431-ZDR). This line maintains wild-type EGFR. In addition, K-ras alleles and PTEN levels are identical to those in the parent A431 tumors. No differences in tumor growth rates were observed when animals treated with gefitinib were compared with untreated controls (Fig.  3A) even though EGFR phosphorylation was down-regulated in tumors from treated animals (Fig. 3B) . In all xenograft experiments, the serum concentration of gefitinib was 150 +/-50 nM. CAD17, CBFB, ELAVL-1, EpCAM, HSPG-2, QARS, S100A9, SNX5, SERPINE1, Testican 2, and TROP-2 expression changes were different in the A431-ZDR tumors than in the A431 tumors (Fig. 3B) . This supports the hypothesis that certain panel proteins are correlative to response to gefitinib.
Protein panel differentiates sensitive and resistant A431 tumors in analysis of serum from tumor-bearing mice
Sera from mice implanted with either A431 or A431-ZDR tumors were collected and immunoblots were performed. When these mice were treated with gefitinib, dose-dependent changes were observed in EpCAM, TROP2, and PRDX6 that differed in mice implanted with gefitinib sensitive and resistant tumor cells. In addition, we were able to differentiate sera from sensitive and resistant mice as the serum concentrations of EpCAM and PRDX6 were significantly higher in the A431-ZDR serum than in A431 serum (Fig. 4) .
Discussion
In this study, we employed quantitative proteomics to identify a panel of proteins whose change in abundance upon treatment correlates with sensitivity to EGFR tyrosine kinase inhibition across a number of cell lines and in an in vivo (iso-genic sensitive/resistant) xenograft model. We also demonstrated differences between baseline abundance and levels of certain proteins after gefitinib treatment in gefitinib-sensitive versus resistant NSCLC cell lines ( Figure S4 & Table I ). Several proteins showed changes dependent on gefitinib treatment in an in vivo tumor model (Fig. 3) . The results presented highlight a proteomics paradigm where discovery in vitro successfully translates to concordant behavior in vivo. In addition, our model-based, but broad-scale approach allowed for significant and diverse investigation of the specificity and generality of discovered proteins. An alternate panel discovery strategy may have been to investigate the known members of the EGFR signaling axis. However, as noted, none of the discovered candidate proteins were previously characterized as connected to the EGFR signaling axis. Furthermore, though forty-eight proteins previously associated with EGFR signaling (32) were identified and quantified in our analysis (Table S2) , they showed no significant changes in abundance in response to EGFR targeted therapies. The average fold increase in abundance of these proteins was 0.98 in the intracellular fraction and 1.04 in the cell-surface sub-proteome. Since the predominant response to gefitinib is known to be decreased phosphorylation of EGFR, it is not surprising that expression levels of the 48 pathway members did not change significantly in response to gefitinib treatment. Ontology enrichment and gene set analysis on the proteins with more than a ±1.4 fold change in abundance showed no significant enrichment in the EGFR ontology tree or in any other gene set (GO, IPA (33)) (Fig. S1 ).
The biological functions of the proteins identified in this study are diverse and (with the exception of SNX5, which has been implicated in membrane trafficking and degradation of the EGFR (34)) have not been previously implicated in EGFR function. Two of the proteins we identified, EpCAM and TROP2, have been implicated in gefitinib resistance (35, 36) . In A431 cells and gefitinib-sensitive NSCLC cell lines, the expression of EpCAM and TROP2 was up-regulated upon gefitinib treatment (Figs. 2-4) and the serum concentration of EpCAM was higher in mice implanted with gefitinib-resistant xenografts than gefitinibsensitive cells. The basal levels of EpCAM in NSCLC cell lines also correlated with gefitinib resistance (Fig. S4) . PDCD4 is the only protein we identified that was previously shown to function downstream of the EGFR signaling pathway. PDCD4 up-regulation is associated with increased c-jun transcriptional activity (37) . We found that PDCD4 expression was modulated by RAS/MAPK activity and gefitinib treatment in gefitinibsensitive NSCLC cell lines (Table I ). The other proteins in our panel have been implicated in various biological functions ranging from protein biosynthesis to regulation of fibrinolysis, demonstrating the biological reach of the EGFR signaling pathway. The reasons for the perturbation of levels of these proteins observed in A431 and NSCLC cell lines are unclear but an understanding of the involvement of these proteins in gefitinib resistance is worth pursuing
We also observed that EGFR changes glycosylation state, but not total abundance, in response to gefitinib treatment (Fig. S1) . By overlaying total protein fold change (+1.18 compared to untreated cells) with the N-linked glycosylation data, we identified a region within domain III of EGFR extracellular domain that demonstrated a dose-dependent decrease in glycosylation at N356 (Table S3 ). This is relevant to EGFR biology because Nlinked glycosylation of EGFR impacts ligand binding (38) , alters receptor self-association and activity (39) , and modulates the effectiveness of EGFR-TKIs (40) . This observation highlights the importance of glycobiology within the framework of EGFR signaling.
A central component for our model-based discovery-based proteomic experiments is the translation of in vitro, model-based, perturbations to complex, in vivo, model systems. There are many steps in this process, from the initial discovery, through diverse verification steps to the development of assays for clinical application. In this study, we hypothesized and demonstrated that an in vitro model system for EGFR signaling may be utilized to predict gefitinib induced changes in NSCLC cell lines and in vivo xenografts. We additionally suggested that an important component of such studies are diverse, mechanism-based verification steps that go beyond verifying the accuracy of mass-spectrometry results, but instead delve into the biological origins and consequences of observed quantitative events. Such studies are highly unique and allow an investigation into both the generality and specificity of putative marker studies. In a study by Myers, et al, the combined inhibition/ excitation profile of A431 cells were used to predict response in colorectal cancer tissue (41) . Both studies demonstrate that in vitro model-based systems may be used to identify protein level changes that are recapitulated in complex systems. Our study further hypothesized that blood biomarkers are typically comprised of either shed or cell surface proteins (42) and hence utilized a compartment based strategy to enhance the likelihood for the translation of any putative biomarker to a clinical tool. Furthermore, we found it particularly interesting that most of these markers were not immediate family members of EGFR, but instead a few steps away. As a result, we compared the gefitinib inhibition profile with that of two downstream nodes of EGFR signaling (MAPK and AKT). By investigating the protein profile of candidates across a large number of lung cancer cell lines, we demonstrated the generality of the marker panel. By contrasting the impact of inhibition with EGFR (gefitinib) to MAPK(PD98059), AKT(LY294002), to that of a non-EGFR cytotoxic agent (paclitaxel) we were able to determine specificity of response. It remains not only crucial to identify putative biomarkers but equally important to perform experiments that hasten clinical translation of such proteins by clarifying the specificity and generality of putative markers coordinated changes in abundance.
Here we have presented a study in which a panel of proteins was obtained via quantitative proteomic comparison of cells that overexpresses the EGFR before and after treatment with an inhibitor of EGFR kinase. The proteins up-regulated upon gefitinib treatment appear to be connected to the EGFR-kinase activity and changes in expression are indicative of cellular network responsiveness to the targeted therapeutic agent. Expression changes were significantly concordant between in vitro and in vivo systems, suggesting that in vitro models may be generally used as a discovery environment. Notably, we have observed five of the sixteen proteins in the sera of lung cancer patients (private communication, Hanash Lab) and at least two representative peptides from each of the sixteen proteins identified in this study have been identified by various research groups and deposited in Human Plasma PeptideAtlas (43) and/or PRIDE (44) . The biological relevance of tumor-derived proteins may be easier to assess and a greater variety of quantitative proteomic techniques are currently applicable in vitro than in vivo. The results indicated herein may ultimately have tremendous practical impact, as there is a significant clinical need for serum-based tools that can stratify and characterize tumor behavior.
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